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TABLE I. Development of Echinococcus multilocularis in dogs and cats.
Animals
Total
no. of
worms
Worm
recovery
(%)
Total length,
mean 6 SD
(range) (mm)
Segmentation: % worms*
S 1 1S 1 2S 1 3S 1 4S 1 5
Maturation: % worms†
T 1 FG U 1 CU 1 TE U 1 SE
Dog 1
Dog 2
Dog 3
Average
6,330
9,750
17,110
11,163
29.3
43.1
75.7
49.4
1.57 6 0.2 (1.0–2.2)
1.95 6 0.3 (1.4–2.5)
2.13 6 0.3 (1.3–2.7)
1.88
0.9
0
0
14.6
0
0
81.6
47.2
34.5
2.9
52.8
63.1
0
0
2.4
4.8
0
0
82.4
15.1
14.3
5.9
66.0
28.6
6.9
18.9
57.1
Cat 1
Cat 2
Cat 3
Cat 4
Cat 5
Average
282
6,833
1,475
20
5,765
2,864
1.2
30.2
6.5
0.09
25.3
12.7
1.4 6 0.3 (0.6–1.8)
1.74 6 0.4 (0.9–2.5)
1.47 6 0.3 (0.9–2.2)
Not done
1.46 6 0.3 (0.8–2.2)
1.24
0
0
3.2
0
0
14.4
42.0
20.6
100
85.6
54.8
79.4
0
0
0
0
0
0
0
0
0
0
3.3
2.9
91.7
76.7
96.7
97.1
8.3
23.3
0
0
0
0
0
*S1 1, scolex with 1 segment; S 1 2, scolex with 2 segments; S 1 3, scolex with 3 segments; S 1 4, scolex with 4 segments; S 1 5, scolex with 5 segments.
†T1 FG, testes containing spermatozoa, ovary, uterine streak, and other female genitalia; U 1 C, developing eggs in the uterus; U 1 TE, ‘‘thin-shelled’’ (partly
developed embryophore) eggs with a fully formed oncospheres in the uterus; U 1 SE, thick-shelled eggs in uterus.
ABSTRACT: The development of a European isolate of Echinococcus
multilocularis was compared in cats and dogs at the end of the prepatent
period. Echinococcus multilocularis established in all dogs and cats, but
worm recovery was signiﬁcantly greater from dogs than from cats.
Overall, worms in cats were not as advanced as those in dogs in terms
of development and maturation, but there was no evidence of retarded
development or stunted forms. These results conﬁrm that dogs are high-
ly susceptible to E. multilocularis, whereas cats have lower and more
variable recovery rates. However, because cats produce thick-shelled
eggs of E. multilocularis after experimental and natural infections, they
have to be regarded as potential sources of infection both for interme-
diate and accidental hosts, including humans. However, their general
role in the epidemiology of the infection has yet to be determined.
In central Europe, Echinococcus multilocularis, the causative agent
of human alveolar echinococcosis, is predominantly perpetuated in a
sylvatic life cycle with red foxes (Vulpes vulpes) as deﬁnitive hosts and
various species of rodents as intermediate hosts. Domestic dogs and
cats can also be involved; these acquire the infection from the sylvatic
cycle by ingestion of rodents infected with the metacestode stage of the
parasite (Rausch, 1995; Eckert, Gemmell et al., 2001). For example, in
an endemic area of eastern Switzerland, where the average prevalence
of E. multilocularis in red foxes was 33%, 0.3% of 663 dogs and 0.4%
of 283 cats from the normal population were parasite carriers (Deplazes
et al., 1999), but a higher local prevalence was recorded from a focus
in the western part of the country, where 7% of 86 dogs were infected
(Gottstein et al., 2001). Dogs and cats naturally infected with E. mul-
tilocularis have been also recorded from other central European coun-
tries, such as Germany and France (Eckert et al., 1974; Zehyle et al.,
1988; Fesseler et al., 1989; Worbes, 1992; Petavy et al., 2000). A recent
study in an endemic area of northern Germany has shown that 2 of 74
(2.7%) wild raccoon dogs (Nyctereutes procyonoides) had very heavy
intestinal burdens of E. multilocularis (Thiess et al., 2001). With this
ﬁnding the number of conﬁrmed deﬁnitive hosts of E. multilocularis in
central Europe has increased to 4, but the epidemiological signiﬁcance
of dogs, cats, and raccoon dogs is not yet well understood.
Red foxes are regarded as highly susceptible deﬁnitive hosts of E.
multilocularis based on data of experimental infections (Vogel, 1957;
Zehyle and Bosch, 1982; Nonaka et al., 1996), high infection extensities
(.60%) in fox populations in Europe and other endemic areas (Eckert,
Gemmell et al., 2001), high infection intensities (.1,000 specimens per
animal) in about 25% of the population, and massive worm burdens (up
to approximately 60,000) in a few individuals (Hofer et al., 2000). Do-
mestic dogs were also shown to be highly susceptible to E. multilocu-
laris in experimental studies. A recent example is the infection of 2
groups of 5 dogs each (approximately 1–2 yr old) with approximately
200,000 and 80,000 protoscoleces of E. multilocularis, resulting in the
establishment of intestinal worm populations in all 10 animals and av-
erage worm burdens in the 2 groups of 100,725 and 33,575, respectively
(Eckert, Thompson et al., 2001). In contrast, a number of studies using
isolates of the parasite from Europe, North America, and Japan have
suggested that cats are less susceptible to infection with E. multilocu-
laris than dogs, with much lower worm burdens and retarded parasite
development (Crellin et al., 1981; Thompson and Eckert, 1983; Kamiya
et al., 1985, 1986).
Because the potential role of cats in the life cycle of the parasite and
in disease transmission to humans is still unclear, we have simulta-
neously infected dogs and cats with a European isolate of E. multilo-
cularis and compared the developmental status of the worm populations
at the end of the prepatent period.
Five cats (European Shorthair, 2 males and 3 females, 4–6 mo old)
and 3 dogs (Beagle 3 Niederlaufhund, females, approximately 6–7 yr
old) were used in the study (Table I). The animals originated from
breeding colonies and had never been infected with cestodes or other
helminths. They were experimentally infected with E. multilocularis in
association with a much larger study investigating the efﬁcacy of a
cestodicidal drug (Eckert, Thompson et al., 2001). The animals were
each infected with 22,600 protoscoleces of E. multilocularis. Metaces-
todes of the parasite were collected several years previously in southern
Germany (Stuttgart isolate) from a naturally infected vole (Microtus
arvalis) and subsequently maintained in laboratory colonies of the same
rodent species by intraperitoneal serial passages. The metacestodes used
for isolating protoscoleces were obtained from voles dissected 17 wk
postinfection (PI). The same batch of protoscoleces was used for theRESEARCH NOTES 1087
infection of dogs and cats, but the former received the protoscolex sus-
pension mixed with a small portion of canned meat for spontaneous
uptake, whereas cats were orally infected with 1 ml of the suspension
by means of a syringe. Dogs and cats were maintained under helminth-
free conditions according to the animal welfare regulations and necrop-
sied 25 and 26 days PI, respectively. Procedures for isolation of pro-
toscoleces and worm recovery and processing were as described pre-
viously (Thompson and Eckert, 1983; Eckert, Thompson et al., 2001).
Worm counts were performed using the dilution technique (Eckert,
Thompson et al., 2001), and morphological features were determined
in 50 (apart from catalog number 4) 10% formalin-ﬁxed and stained
worms per animal, as described previously (Eckert et al., 1989).
As seen from Table I, E. multilocularis established in all dogs and
cats, but worm recovery was signiﬁcantly greater from dogs than from
cats, although the worm burden of 1 cat (6,833) surpassed the lowest
burden (6,630) in 1 of the dogs. Furthermore, the difference between
the lowest and highest percent recovery in dogs was only 2.6 times as
compared with 335 in cats, indicating a much lower variability of worm
establishment in the former than in the latter. There was little difference
between the growth, development, and maturation of worms from dog
1 compared with worms from cats 2, 3, and 5. However, with the re-
maining 2 dogs, worms were generally longer than the worms in cats.
Shelled eggs were present on day 25 PI in some worms of all 3 dogs,
but on day 26 PI, shelled eggs were present only in the parasites from
2 of 4 cats. Overall, worms in cats were not as advanced as those in
dogs in terms of development and maturation, but there was no evidence
of retarded development or stunted forms as reported in previous studies
(Thompson and Eckert, 1983; Kamiya et al., 1986).
Our results conﬁrm that dogs are highly susceptible to E. multilo-
cularis, even at higher ages of approximately 6–7 yr. In contrast, the
young cats in our experiment had lower and more variable recovery
rates as compared with the 3 dogs infected with the same batch and
dose of protoscoleces. In another recent study, each of 10 cats at an age
between 7 and 8 mo was infected with 10,000 protoscoleces (Stuttgart
isolate) (Jenkins and Romig, 2000). Two of the cats did not acquire the
infection, and in the remaining 8 animals the individual worm burdens
were rather variable with low worm numbers (5–220) in 5 and higher
burdens (815–3,045) in 3 cats, corresponding to recovery rates between
0.05–2.2 and 8.1–30.4, respectively. In a Japanese study (Kamiya et al.,
1986), 6 cats (6–12 mo old) were each infected with 70,000 protosco-
leces of E. multilocularis (Hokkaido isolate), but only 4 acquired the
infection with individual worm burdens between 31 and 833 and re-
covery rates ranging from 0.04 to 1.2 at day 27 PI. In contrast, in 1
dog infected with the same isolate and dose of protoscoleces, the re-
covery was 40.0% (Kamiya et al., 1986). In a further Japanese study,
it was observed that the recovery of E. multilocularis (Alaska isolate)
from 7 experimentally infected cats suddenly decreased after day 10 PI,
whereas this rate remained nearly constant in 7 dogs throughout the
duration of the experiment until day 30 PI (Kamiya et al., 1985). These
data and other studies (Vogel, 1957; Crellin et al., 1981; Thompson and
Eckert, 1983) show that cats appear to be less susceptible to E. multil-
ocularis than dogs, resulting in comparatively lower worm burdens in
the former. However, our data indicate that in some young cats, growth
and development of the worm population during the prepatent period
may be very similar to the worms in dogs and that shelled fully em-
bryonated eggs in the worms from cats may be formed within 26 days
PI. This is in agreement with ﬁndings of naturally infected cats that
harbored at least some egg-producing worms (Eckert et al., 1974; Wor-
bes, 1992; Petavy et al., 2000) and observations on fecal egg excretion
in experimentally infected cats (Vogel, 1957). On the other hand, there
are also well-documented observations that the growth and maturation
of E. multilocularis in cats may be retarded as compared with those in
dogs (Thompson and Eckert, 1983; Kamiya et al., 1986) and that worm
losses may occur during the prepatent period (Kamiya et al., 1985).
Because cats may produce fully developed eggs of E. multilocularis
after experimental and natural infections, they have to be regarded as
potential sources of infection both for intermediate hosts and accidental
hosts, including humans (see also Kamiya et al., 1986). However, their
general role in the epidemiology of the infection has not yet been stud-
ied in detail. This would require simultaneous experimental infections
of dogs, cats, and wild deﬁnitive hosts with comparative studies on egg
excretion and infectivity of the eggs.
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The Inﬂuence of Habitat on the Distribution and Abundance of Metacercariae of
Macravestibulum obtusicaudum (Pronocephalidae) in a Small Indiana Stream
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ABSTRACT: Snails (Elimia livescens) from a central Indiana stream
were examined for encysted metacercariae of Macravestibulum obtusi-
caudum (Pronocephalide) to determine the distribution and abundance
of this parasite on its second intermediate host. Five samples of snails
were collected, with 2 samples being restricted to high-ﬂow (rifﬂe) or
low-ﬂow (pool) areas of the stream. Snails (n 5 386) were measured
for shell length; the shell and the inner and outer surfaces of the oper-
culum (in most samples) were examined for metacercariae. Seventy-
ﬁve percent of snails (overall) had encysted metacercariae (range, 52–
97%), primarily on the opercula. A signiﬁcantly lower proportion of
snails from rifﬂes were infected, and these snails had signiﬁcantly fewer
cysts as well. Snails collected from pools showed up to 10 times as
many metacercariae than those from rifﬂes, although there was no sig-
niﬁcant difference in the proportion of snails with intramolluscan in-
fections of M. obtusicaudum. The inner opercular surface appeared to
be the preferred site of encystment in both ﬂow regimes. Differences
in microhabitats, in terms of both snails in the stream and metacercariae
on the snails, clearly must be considered when evaluating the infection
patterns of this trematode.
Macravestibulum obtusicaudum is a digenetic trematode infecting
freshwater turtles (Mackin, 1930). Elimia (5Goniobasis) livescens
(Pleuroceridae) are infected as ﬁrst intermediate hosts, which then shed
cercariae (Horsfall, 1930). Motile cercariae emerge and encyst upon
these snails (though not necessarily the same individuals) and form
metacercariae (5cysts). The life cycle is completed when turtles (the
deﬁnitive host) ingest snails bearing cysts (Horsfall, 1935).
Little is known about the infection dynamics of M. obtusicaudum
metacercariae on their second intermediate hosts (snails). Horsfall
(1935), also working with E. livescens, noted that ‘‘cercariae encysted
upon the outside of the operculum of any convenient snail or on any
hard surface but not on vegetation,’’ but neither reported any additional
observations on site-speciﬁc encystment on snails nor any data on pat-
terns of infection in wild snail populations. Hsu (1937) studied the life
history of M. eversum in the same snail species in Michigan and re-
ported that cercariae would encyst on the inner surface of the operculum
(with no mention of the outer surface) and rarely on the shell; however,
no population-level information was given on the infection dynamics,
and the maximum number of metacercariae observed on a snail was
only 18. Because the distribution and abundance of metacercariae in
the ﬁeld can potentially be an important determinant of infection pat-
terns in the deﬁnitive host, e.g., Bush et al. (1993), and because so little
ecological work has been done with the metacercariae of this trematode
(on snails), we examined the pattern of infection of metacercariae of
M. obtusicaudum on E. livescens taken from a central Indiana stream.
More speciﬁcally, we addressed the following questions. (1) What are
the patterns of distribution and abundance of M. obtusicaudum meta-
cercariae in this E. livescens population? (2) Are these snails used as
second intermediate hosts simply those which are infected with intra-
molluscan stages, i.e., shedding cercariae? (3) Do metacercariae exhibit
microhabitat preferences (on snails) that are related to the snail’s habitat,
e.g., rifﬂes versus pools?
Snails (E. livescens) were collected by hand or with a kicknet from
Little Sugar Creek, upstream of Bridge No. 62 on 550 E, east of Craw-
fordsville, Indiana (408019580N, 868489030W). At the sites of collection,
this is a third-order stream characterized by dominant substrata of cob-
ble, gravel, and sand, with generally well-developed rifﬂes and pools.
Unless otherwise speciﬁed, snails were collected from rocks and the
benthos in rifﬂe areas as well as in more sandy-bottomed, slower-ﬂow-
ing regions (pools) of the stream; samples were taken from water #0.75
m in depth. Except in the case of samples 4 and 5 (see below), snails
were collected haphazardly.
Samples 1 (collected in February and March 2002; n 5 126) and 2
(collected in August 2002; n 5 100) were returned to the laboratory at
Wabash College, held for up to 3 days in individual plastic jars ﬁlled
with stream water, measured for shell length (apex to tip of aperture, in
mm), and examined for metacercariae of M. obtusicaudum. A subsam-
ple (n 5 50) of snails from sample 2 was crushed to investigate whether
snails with encysted metacercariae were only those with intramolluscan
infections of this ﬂuke. The number of metacercariae (or ‘‘cysts’’) on
the outside of the snail’s operculum and shell was counted. The number
of metacercariae on the inside of the operculum was determined by
counting the cysts as viewed through the operculum.
Sample 3 (collected in September 2002; n 5 100) was returned to
the laboratory, and snails were isolated and maintained as above. How-
ever, within 2 hr of collection, the operculum of each snail was removed
and placed with stream water into an individual well in a 32-well culture
plate that was matched to the container number of the snail from which
it was removed. Although no snail in this sample was crushed, each
snail was measured (in mm) for shell length. Each matching operculum
was then examined for the number of metacercariae on its inner (where
the snail’s foot attached) and outer surfaces.
Samples 4 and 5 (each n 5 30) were collected on the same day in
September 2002. Sample 4 was collected from the middle of a fast-
ﬂowing rifﬂe, whereas sample 5 was collected in the middle of a long
run (5pool) with a primarily sandy substratum and a much lower ﬂow
rate (E. Wetzel, pers. obs.; no datum on ﬂow rates was collected). These
samples were treated as those in sample 3, except that all snails (n 5
60) were crushed and examined for intramolluscan infection.
Ecological terminology follows the recommendations of Bush et al.
(1997). Differences among prevalences were tested by chi-square test
using 2 3 2 contingency tables. Differences in mean abundance among
samples were tested using analysis of variance or t-tests, with Tukey–
Kramer’s honestly signiﬁcant difference post-hoc comparisons used
with the former. Differences were considered signiﬁcant when P , 0.05.
All statistical tests were run using tha JMP statistical software (version
4.0.2, SAS Institute, Inc., Cary, North Carolina).
A total of 386 snails from 5 different samples were examined for
infection with M. obtusicaudum. Snails collected in February–March
(sample 1) were signiﬁcantly smaller than all other samples (which were